[1] The Jurassic Quiet Zone (JQZ) is a region of low-amplitude magnetic anomalies whose distinctive character may be related to geomagnetic field behavior. We collected deep-tow magnetic profiles in Pigafetta Basin (western Pacific) where previous deep-tow data partially covered the JQZ sequence. Our goals were to extend the survey through the JQZ, examine anomaly correlations, and refine a preliminary geomagnetic polarity timescale (GPTS) model. We collected a series of closely spaced profiles over anomaly M34 and Ocean Drilling Program Hole 801C to examine anomaly correlation in detail, one profile in between previous profiles, and two long profiles extending the survey deeper into the JQZ. Anomaly features can be readily correlated except in a region of lowamplitude, short-wavelength anomalies in the middle of the survey area (''low-amplitude zone'' or LAZ). The small multiprofile surveys demonstrate anomaly linearity, implying that surrounding anomalies are also linear and likely result from crustal recording of geomagnetic field changes. We constructed a GPTS model assuming that most anomalies result from polarity reversals. The polarity timescale is similar to the polarity sequences from previous studies, but its global significance is uncertain because of problems correlating anomalies in the LAZ and the ambiguous nature of the small JQZ anomalies. Overall anomaly amplitude decreases with age into the LAZ and then increases again, implying low geomagnetic field strength, perhaps related to a rapidly reversing field. Other factors that may contribute to the LAZ are interference of anomalies over narrow, crustal polarity zones and poorly understood local tectonic complexities. 
Introduction
[2] The Jurassic period appears to be a time of unusual geomagnetic behavior with low-amplitude, difficult-to-correlate marine magnetic anomalies. The unique, low-amplitude character of the magnetic anomalies has invoked discussion about the nature of the Jurassic magnetic field. It was once suggested that this Jurassic ''Quiet Zone'' (JQZ) reflects a period during which the geomagnetic field did not reverse, analogous to the Cretaceous Quiet Zone [e.g., Heirtzler and Hayes, 1967; Larson and Pitman, 1972; Hayes and Rabinowitz, 1975; Barrett and Keen, 1976] . Contemporaneous land magnetostratigraphic data contain many geomagnetic field reversals [Steiner, 1980; Ogg et al., 1984; Steiner et al., 1985; Steiner et al., 1987; Ogg et al., 1991; Ogg and Gutowski, 1995] , suggesting that the JQZ is instead a period of rapid polarity reversals. Whether the small-amplitude JQZ anomalies represent actual geomagnetic field reversals or intensity fluctuations is a debate with fundamental implications for the interpretation of the geomagnetic polarity reversal timescale (GPTS) and implied reversal rates, which may have been higher than at any time in recorded geomagnetic history [e.g., Kent, 1992a, 1992b; Sager et al., 1998; Roeser et al., 2002; Bowles et al., 2003; Tivey et al., 2006] .
[3] The JQZ encompasses middle to Late Jurassic age seafloor in both Pacific and Atlantic oceans where magnetic lineations are reduced in amplitude to the point of incoherence. Over the years, the age of the young edge of the JQZ has been pushed farther back in time as small, correlatable anomalies were recognized deeper in the anomalous zone [e.g., Larson and Hilde, 1975; Cande et al., 1978; Handschumacher et al., 1988; Sager et al., 1998 ]. Although M29 is the oldest anomaly accepted in most GPTS models [Channell et al., 1995] , aeromagnetic and deep-tow magnetic data show many older anomalies in the Pacific JQZ [Handschumacher et al., 1988; Sager et al., 1998 ]. These older anomalies are more apparent in aeromagnetic and deep-tow data because these techniques allow better separation of external geomagnetic field variations relative to crustal anomalies than do ship-towed sea surface magnetic profiles.
[4] A 1992 deep-tow magnetic anomaly survey investigated the western Pacific JQZ in Pigafetta Basin [Sager et al., 1998 ], where Handschumacher et al. [1988] previously mapped pre-M29 anomalies using aeromagnetic data. Pigafetta Basin was also drilled by the Ocean Drilling Program (ODP) during Legs 129 and 185, coring Jurassic basalt in Hole 801C [Lancelot et al., 1990; Plank et al., 2000] . Pigafetta Basin magnetic anomalies provide a high-resolution record because of rapid spreading ($65-79 mm/a half rate) of the ancient Pacific-Izanagi Ridge [Nakanishi et al., 1989; Sager et al., 1998 ]. The 1992 study was limited by having only two parallel deep-tow profiles, which left the repeatability of the oldest and smallest anomalies in question. Furthermore, the two deep-tow lines do not extend to either Hole 801C or the ''rough-smooth boundary'' (RSB) that is thought to be the end of the small anomaly sequence [Handschumacher et al., 1988; Abrams et al., 1993] .
[5] In this study, we sought to investigate the nature of the JQZ anomalies by collecting new deep-tow data. We tested anomaly repeatability by collecting multiple, closely spaced lines at two locations. We also extended the deeptow profiles past Hole 801C, southeast to the RSB to provide a record of the complete anomaly sequence. This approach was a compromise because time constraints would not permit a large number of magnetic profiles to be collected over the entire 950-km length study area. In a previous publication [Tivey et al., 2006] , we presented a preliminary analysis of these data, including a GPTS. In this study, we present the underlying derivation of that timescale and a more in-depth examination of the anomalies, their correlation, and their implication for the nature of the JQZ geomagnetic field based on both the new data and existing data.
Geological Background
[6] Pigafetta Basin is located within the Marcus-Wake seamounts in the western Pacific Ocean, 500 to 1000 km east of the northern Marianas Trench (Figure 1 ). The abyssal seafloor is mostly flat and nearly featureless and has an average depth of 5705 m (1s = 156 m), with igneous basement below a few hundred meters of abyssal pelagic sediment [Lancelot et al., 1990; Abrams et al., 1993] . The oceanic lithosphere was originally formed at the NE-trending Pacific-Izanagi Ridge during the Jurassic [Nakanishi et al., 1992] . Paleomagnetic studies at ODP Sites 800 and 801 indicate that Pigafetta Basin lithosphere formed slightly south of the equator, then moved northward to its current location . The most significant postJurassic geologic event that occurred in the basin was intraplate volcanism during the Early and Middle Cretaceous, causing the emplacement of several plateaus, numerous seamounts, and massive sills Koppers et al., 2003b] . Although such volcanism has the potential to destroy prior magnetic signatures in the oceanic crust, various studies have documented correlatable Jurassic and Early Cretaceous magnetic lineations in this region [e.g., Larson and Schlanger, 1981; Nakanishi et al., 1992] . Two factors are thought to explain the survival of preCretaceous anomalies: (1) volcanic source vents were narrow and the sills mainly intruded the sediment column and (2) laterally extensive, uniformly magnetized sills should produce a significant magnetic anomaly only at their edges [Larson and Schlanger, 1981] .
[7] ODP Legs 129 and 185 succeeded in penetrating $474 m into Jurassic oceanic crust at Hole 801C [Lancelot et al., 1990; Plank et al., 2000] . Ar 40 /Ar 39 geochronology indicates that the oldest Jurassic basement is 167.4 ± 1.7 Ma. This unit is overlain by $165 m of presumably off-axis lavas with ages of 159.5 ± 2.8 and 160.1 ± 0.6 Ma [Koppers et al., 2003a] . Results of basalt core paleomagnetic and downhole magnetic log measurements from Hole 801C show four zones of alternating polarity in the upper younger extrusive volcanic flows and two zones in the oldest Jurassic aged basement [Plank et al., 2000; Steiner, 2001; Tivey et al., 2005] .
Data and Methods

New Data Collection
[8] We used deep-tow magnetic data collected in 1992 by R/V Thomas Washington (cruise TUNE08WT) [Sager et al., 1998 ] and in 2002/03 by R/V Thomas G. Thompson (cruise TN152). During TUNE08WT, a three-axis deep-tow fluxgate magnetometer was towed $1000 -1500 m above the seafloor at an average speed of 2.1-2.5 kt (1.1-1.3 m/s). During cruise TN152, a three-axis magnetometer was mounted on the deep-tow DSL-120 side-scan sonar and towed $100 m above the seafloor, controlled by onboard winch to maintain this depth, at an average speed of 1.2 kt (0.56 m/s). Track lines were designed to avoid seamounts and to be oriented nearly perpendicular to the previously mapped magnetic lineations (Figure 1 ).
[9] The position of the DSL-120 vehicle was calculated from the ship's GPS-determined location using the vehicle layback measured from acoustic slant range between the ship and the DSL-120. The slant range calculation was calibrated during the detailed survey around Hole 801C when a network of four transponders were deployed on the seafloor to determine the deep-tow vehicle position using acoustic triangulation. This calibration step improved the accuracy of the layback calculation using slant-range only for those survey lines outside of the transponder network.
[10] Three closely spaced, subparallel lines (lines 5-11, 5-12, and 5-13) were run over the extrapolated position of anomaly M34, a well-defined anomaly from the 1992 survey (Figures 2 and 3) . The rationale for this minisurvey was to examine anomaly repeatability in a part of the JQZ with well-defined, rapidly varying anomalies. Seven subparallel profiles (lines 1, 2-1, 2-3, 2-5, 2-7, 3-4, 3-6, and 3-9) were also collected in a small area around the Hole 801C drill site (Figures 2 and 3) . The purpose of this minisurvey was to confirm the existence of lineated magnetic anomalies in the vicinity of Hole 801C and to examine the correlation of these anomalies with the downhole core and downhole logging results (described by Tivey et al. [2005] ). Two 125-km long subparallel lines were extended from Hole 801C south to the RSB (Lines 1 and 3-9) in order to complete the oldest continuous seafloor record possible in this area. In the northern part of the study area (Figures 1  and 4 ), a single survey line was extended from the flank of Golden Dragon seamount south to Hole 801C, between the two profiles from the TUNE08WT cruise (new lines 4-1, 3-9 (contiguous) between old lines 92-1, 92-2). These new data were intended to connect the recent survey data with the previous deep-tow magnetic profiles and to examine anomalies in an area of uncertain correlation. For reference, we refer to the four regional subsets of new survey data as M34, H801, SOUTH, and NORTH (Figure 1 ).
Magnetic Data Processing
[11] A total of $1550 km of new magnetic data from the TN152 cruise were corrected and processed through the following seven steps: (1) calibration of the fluxgate magnetometer output to absolute magnetic field, (2) merging of magnetic data with navigation and attitude data, (3) international geomagnetic reference field (IGRF) correction, (4) external field 
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TOMINAGA ET AL.: JURASSIC QUIET ZONE MAGNETIC ANOMALIES variation removal, (5) along-track resampling into equally spaced points, (6) projection onto a common azimuth, and (7) upward continuation from an uneven level to constant depth at several levels using a Fourier transform method [Guspi, 1987] . Most of these steps (1, 2, 5, and 6) were to prepare the data for analysis and do nothing to change data character.
Step 3, the IGRF correction, is a standard processing step to remove the best available model of the main geomagnetic field. This step yields magnetic anomaly values. For this IGRF correction, we subtracted model field values calculated from IGRF 2000 [Olsen et al., 2000] .
Step 4, the removal of short-term external field variations, was done to avoid interpretation of such variations as a crustal field signal. As for step 5, along track resampling was necessary for subsequent Fourier transform calculations that require equally spaced data. This resampling works as a high-cut filter (1 sample/167 data points) on the raw data. Both steps 6 and 7 optimize the magnetic anomalies for qualitative correlations. The upward continuation step acts as a low-pass filter, isolating the longer wavelengths and allowing comparison of the deep-tow data with other magnetic records that were not collected at the ocean floor.
[12] For external field corrections, we used the magnetic variation record from nearly Wake Island (19.17°N, 166.36°E, Figure 1 ) for most survey days, when such data were continuous and of good quality. For several Wake Island data gaps, we used data from the magnetic observatory at Guam. Guam data were filtered to obtain the longwavelength diurnal external field variation, scaled for latitude change in daily range (using curves from Onwumechili [1967] ), and substituted for the missing parts of the Wake Island data. Calculated daily magnetic variations range from $30 to 80 nT and average 50.4 nT (see Figure S1 in the auxiliary material 1 ). Corrected variation data were shifted in time by the difference in solar time between the station at Wake Island or Guam and the ship location, and were subtracted from the total field magnetic measurements. Because the external field variation correction is longer in wavelength and lower in amplitude than most deep-tow anomalies, these corrections made little change in the anomaly sequence character (see Figure S1 ).
[13] The deep-tow magnetic profiles show such high resolution that it is sometimes difficult to discern longwavelength anomaly features, making correlation with nearby tracks and sea surface data difficult. To emphasize longer wavelengths, deep-tow data were upward continued to three levels: À5.5 km, À3.0 km, and 0.0 km (sea surface) levels. The À5.5 km level reflects a small amount of upward continuation that removes depth variations of the magnetometer, which followed seafloor topography at 100 m altitude. The middepth (À3.0 km) level and sea surface levels were calculated to enhance longer wavelength anomalies by filtering out shorter wavelengths. Using the upward-continued data allowed us to more easily match longer wavelength ($30 km) anomalies, which sometimes provide a reference to help in correlating smaller anomalies [Sager et al., 1998 ].
Magnetic Polarity Block Model
[14] Correlation models were made by matching peaks and troughs of the magnetic profiles using inspection. These correlations were used as the basis of a polarity block model. We constructed the polarity model for two reasons. First, this model gives us a time series that can be analyzed to understand changes in geomagnetic field behavior. Second, when calibrated with absolute age, a polarity block model can be used to derive a GPTS that can be compared with other marine magnetic records or with magnetic stratigraphy on land. Because we do not know which anomalies result from true magnetic reversals and which are caused by other geomagnetic field variations, this model has uncertainty than can only be resolved by comparison with other similar records (see section 4).
[15] Our approach to making a polarity block model was to first use a potential field inverse modeling technique TOMINAGA ET AL.: JURASSIC QUIET ZONE MAGNETIC ANOMALIES [Parker and Huestis, 1974] to make a preliminary interpretation of magnetization and to refine the fit of observed and modeled anomalies with forward modeling [Parker, 1972] (see description in Figure S2 ). Cande and Kent [1992a] used zero-crossings of deskewed anomalies (similar to our inverse magnetization model) to determine polarity boundaries; however, because the JQZ magnetic anomalies have low amplitude, it is difficult to determine polarity boundaries solely by zero-crossings. Long wavelength magnetic variations and the adjustment of the local annihilator function (which we set to zero under the assumption of equal normal and reversed polarity crust) can both affect zero crossings for the small JQZ anomalies, so we used zerocrossings only for a first approximation of polarity boundary locations.
[16] For both inverse and forward models, we filtered out long (>140 km) and short wavelengths (<3 km) to focus on the medium wavelength magnetic anomaly character. Models used an ambient field inclination of 23°and declination of 3°, calculated from the IGRF at latitude and longitude of Figure 4 . Correlation of deep-tow magnetic profiles in the NORTH survey area, upward continued to (a) sea surface and (b) midwater (À3.0 km). Lines 92-1 and 92-2 are from Sager et al. [1998] (note that uppermost line is mostly line 92-2 with a small segment, line 3-6, added from recent survey). These older data are not shown deskewed as in some plots from Sager et al. [1998] . Plot shading and annotation conventions as in Figure 3 . Locations shown in Figures 1 and 2 . Figure 3b , star shows location of Hole 801C. Lines 1 and 2-5 are nearly coincident with Line 3-4 and are not shaded in plot. In Figure 3c , plot shows improvement in anomaly correlation with modest (<5 km) stretching and shrinking of parts of Line 1 to fit peak and trough spacing on Line 3-9. The cross symbols show tie points used for adjustment.
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TOMINAGA ET AL.: JURASSIC QUIET ZONE MAGNETIC ANOMALIES Hole 801C. We used a paleofield inclination and declination of À10°and 20°, respectively (from Larson and Sager [1992] ) and defined the strike of the magnetic anomalies as 135°clockwise from north (from Sager et al. [1998] ). Although Tivey et al. [2006] suggested that there may be slight directional changes in anomaly strikes, we kept this constant strike because the strike changes are uncertain and this assumption is consistent with previous studies [Handschumacher et al., 1988; Sager et al., 1998 ] (also see sections 3.1, 4.1, and 4.4). Magnetic models require appropriate values for the seafloor depth, sediment thickness, and thickness of the magnetic source layer. While seafloor depth is available from the DSL-120 side-scan sonar data, the depth of igneous basement must be interpreted from sparse, pre-existing seismic profiles [Abrams et al., 1993] and the Hole 801C. We were unable to obtain seismic data along the deep-tow profiles during the TN152 cruise because of time and logistical limitations. For simplicity in modeling, we used a constant depth for the seafloor and sediment thickness within each survey subarea: À5.6 and À6.1 km (seafloor and basement) for the M34 survey, À5.6 and À6.2 km for the NORTH survey, À5.5 and À5.9 km for the H801C survey, and À5.6 and À6.1 km for the SOUTH survey. As shown in Figure 5 , changes in seafloor depth and sediment thickness are mostly gentle, so these approximations should be reasonable. For reference, the sediment thickness drilled at Hole 801C was approximately 463 m [Plank et al., 2000] .
[17] Although there is no constraint for the thickness of the magnetic source layer, most marine magnetic models assume that the crustal extrusive lavas are the primary source and have thicknesses of 500 to 1000 m. The extrusive layer in Hole 801C is at least 474 m thick [Plank et al., 2000] , but since we do not know how much of that layer extends below the bottom of the hole, we chose 1000 m as the nominal source layer thickness for modeling. This choice for source layer thickness is not likely to have a significant effect on the interpretation of modeled polarity sequence.
[18] After a preliminary polarity model was derived from the inverse calculations, this model was used as the input magnetization distribution for subsequent forward modeling. In the forward model, magnetization strength was estimated from the standard deviation of the absolute values , we did not find this model to be an especially good approximation for the new data. For our analysis, anomaly amplitudes were adequately approximated with a constant magnetization in each of the study areas.
The magnetization values used in this study are as follows: 3.9 Am À1 for M34, 1.7 Am À1 for H801C, 2.0 Am À1 for NORTH, and 2.3 Am À1 for SOUTH. These values provide the best match in terms of amplitude and shape between observed and calculated magnetic anomalies. The magnetizations for H801C, NORTH, and SOUTH are essentially the same. The M34 survey magnetization is nearly twice as high because the magnetic anomalies in that area have significantly larger amplitudes (Figures 2 and 3) . A Gaussian filter (s = 7 km) was applied to the forward models to give finite-width reversal transitions, which give a better fit of observed and modeled anomaly slopes [Schouten and Denham, 1979] .
Composite Model
[19] Once magnetic polarity block models were constructed for each survey line, a composite model was compiled from the overlapping lines (Figures 6 and 7. The purpose was to create a reversal sequence common to all lines within a given survey area. From the Sager et al.
[1998] study, we adopted the composite model for the two previous deep-tow lines (92-1 and 92-2) as a starting point for the NORTH area where new and old data overlap. The boundary locations of each polarity block in the composite model were calculated by averaging values of corresponding block boundary distances. In the case of two or more polarity blocks on one line corresponding to only one block on another line, the multiple blocks were merged and modeled as one polarity period in the composite model. This procedure minimizes the number of modeled polarity blocks.
Age Calibration
[20] Mesozoic magnetic anomalies have only a few good absolute age calibration points with which to interpolate or extrapolate the ages of chron boundaries. Sager et al. [1998] used the radiometric date of M26r (155.3 ± 3.4 Ma) from the Argo Abyssal plain [Ludden, 1992] to tie the 1992 deeptow lines to that anomaly in Pigafetta Basin. They extrapolated the ages of blocks from M25 backward in time using the existing GPTS at the time [e.g., Gradstein et al., 1995; Handschumacher et al., 1988] . Our approach was to use the absolute age for M26r and a new high-precision age determination for the tholeiitic basalt layer in Hole 801C (167.4 ± 1.7 Ma) [Koppers et al., 2003a] as tie points on both ends of the survey lines, with linear interpolation in between, assuming a constant spreading rate. The interpolation used the following age-distance relation:
corresponding to a half spreading rate of 67 km/Ma ( Figure S3 ). To make an age model for anomalies older and younger than the calibration points, we extrapolated this relation, using the polarity block model of Sager et al.
[1998] for younger anomalies.
[21] Error estimates for the two radiometric dates contribute an uncertainty in the modeled spreading rate. The minimum and maximum slopes that fit the 1-sigma uncertainty bounds on the radiometric ages are 51 km/Ma and 98 km/Ma. Although such extreme slopes are possible given the calibration point uncertainties, the highest and lowest implied values are unlikely because they quickly produce unreasonable ages when extrapolated outside the local survey region.
Results
Anomaly Correlation
[22] What is ''good'' correlation? Naturally, this is subjective and what is considered good or acceptable correlation varies among analysts. To provide a quantitative foundation, we computed coherency (cross-correlation) among many of the deep-tow profiles and a comparison with established correlated sea surface anomalies (Figure 8 ). With ''good'' correlation, anomalies on adjacent profiles have similar shape and spacing. Such profiles have low-lag coherency values typically above $0.6 (e.g., GH824A versus GH7901 in Figure 8 ). Profiles with anomalies that show dissimilarities in anomaly size and shape (e.g., GH824B versus GH7901 in Figure 8 ), typically have lowlag coherency values of less than 0.4. In our study area, the between-line correlation of the deep-tow anomalies in our study is mostly excellent to good in all areas except for the NORTH area. The best correlation was in the M34 survey where anomalies were closely matched on adjacent lines (Figure 3 ). In the M34 survey, anomaly amplitudes are relatively large ($500 nT) and the anomalies show only small differences in anomaly shape and size between lines. [23] Profiles in the H801 survey, where anomaly amplitudes are mostly <200 nT at the deep-tow level, also show good correlation by eye (Figure 3 ). In comparison with the M34 profiles, these anomalies show greater variability in size, position, and shape, but because we have so many closely spaced lines, the correlation is convincing. The correlation function is >0.5 for lines 2-7 and 2-3, which are $10 km apart, but never >0.2 for lines 2-7 and 3-9, which are $30 km apart (Figures 3, 8) . The reasons for the poor correlation are apparent from an inspection of the two profiles ( Figure 3) ; these are probably the most dissimilar lines in terms of anomaly spacing and amplitude. Nevertheless, these two profiles exhibit obvious similarities. For example, for line 3-9 the two main anomalies allowing correlation are the deep low on the north center end of the line ($13 km from north end) and the large, double-positive anomaly on the south end ($10 km from south end) (Figure 3) . In most studies of magnetic anomalies, this degree of correlation would be considered acceptable. Because of the anomaly variations, correlation in the H801 area would be less convincing if only two or three widely spaced profiles were available, a factor to be considered when we interpret other areas of JQZ data.
[24] Anomalies in the SOUTH survey have amplitudes of $200 nT (Figure 3 ). Although we have only two lines (lines 1 and 3-9) located $30 km apart, they display generally good agreement between the large anomaly shapes and locations, albeit with some variation in small features, spacing, and amplitude ( Figure 3 ). The correlation coefficient for these two lines peaks at just under 0.5, but can be increased to >0.6 with small (<5 km) adjustments to the spacing of anomalies on line 1 to better match the spacing on line 3-9 (Figures 3 and 8) . Such adjustments imply irregularities in the crustal recording of anomalies.
[25] The NORTH survey was the most difficult region to correlate because it contains both large and small amplitude anomalies that are hard to match uniquely among the few available lines (Figures 2 and 4) . North of $21°N (M34), the anomalies are $200 to 300 nT in amplitude and can be correlated well between lines [Handschumacher et al., 1988; Sager et al., 1998 ]. In contrast, the anomaly sequence extending from just south of 21°N to the northern edge of the H801 survey shows inconsistent anomaly shapes and spacing that makes unequivocal correlations difficult (Figure 4) . The area of difficult correlation corresponds to anomalies M36 to M41 from Sager et al. [1998] and includes the zone of weakest anomalies, from 21°to 18.5°N, which we have termed the low amplitude zone (LAZ; Figure 2 ) because of its distinctive subdued anomaly amplitude [Tivey et al., 2006] . In the area northwest of where our profiles intersect 21°N (M36 in Figure 1 ), the aeromagnetic anomalies in the work of Handschmacher et al. [1988] show good correlation across the whole series of profiles. To the southeast of this point, the anomalies are much smaller and more irregular from one profile to the next (see Figures 7 and 11 in that article). This is the area of the LAZ, in which we find correlation difficult, even with the deep-tow profiles. Although the smaller separation of source and sensor enhances the anomaly amplitudes, the repeatability of anomaly signatures from one line to the next is poor. [26] Although our cruise collected one new deep-tow line in the LAZ region, the new data do not improve correlation with the old lines because the shape and amplitude of anomalies on the new line are often different from those on the old lines. Especially confounding are long wavelength (tens of kilometers) anomalies that appear different on the three lines. Sager et al. [1998] made a correlation of small anomalies based on the matching of long-wavelength anomalies, which appear similar on the two older profiles, but do not correlate well with the new profile in between. We have mainly followed the previous correlation of smaller anomalies, making a few adjustments as indicated by the new data. Although the degree of correlation is similar to that deemed adequate in other published studies of difficult magnetic lineations [e.g., Roeser et al., 2002] , the dissimilarity among large anomalies and the small amplitudes and lack of distinctive character of small anomalies leaves uncertainty in the correlations.
Polarity Block Model
[27] The polarity blocks modeled for the M34 survey are consistent with coeval anomalies in the study of Sager et al.
[1998] (Figure 6 ), so we left this part of the polarity model unchanged. Polarity block models for the H801 and SOUTH areas were developed from the new TN152 data. Because we model high-resolution deep-tow data, both areas show many small-width (short duration) blocks. The composite model for H801, which was stacked from seven profiles (Figure 6 ), shows a total of 16 reversals over a $40 km distance. In the SOUTH survey, the composite model derived from the two correlated profiles has a total of 34 reversals in 120 km (Figure 6 ).
[28] Construction of a polarity block model in the NORTH area was complicated by poor correlations and a difference in resolution between the TN152 and older deeptow profile data ( Figure 6 ). Essentially, our polarity block model in the NORTH area is the same as that of Sager et al. [1998] for the following reasons. The TN152 data were collected significantly closer (1 to 1.5 km) to the seafloor than the previous study, so the new deep-tow data show smaller, shorter wavelength anomalies. As a result, the deep-tow polarity block model for the TN152 profile (lines 3-9 and 4-1) has more polarity blocks, especially in the LAZ Figure 8 . Cross-correlation functions of selected magnetic profiles. Cross-correlation between deeptow profiles shown in upper row of boxes: (left) lines 5-11, À12, À13 in the M34 area; (middle) lines 2-3, À7, and 3-9 in the H801 area; and (right) lines 1 and 3-9 in the SOUTH area. In the latter plot, the solid line shows the improved coherency attained with modified spacing of anomalies on line 1 (see text and Figure 3 ). Cross-correlation was not plotted for NORTH area lines because the correlation function is small (<0.2). Lower left box shows for comparison representative M22-M24 surface-towed magnetic anomaly profiles in the Japanese lineations near the Ogasawara Plateau and their well accepted correlations (dotted lines). Lower right box shows cross-correlations for those profiles, for comparison with panels above. (Figure 6 ), than the previous deep-tow model. Because of the method we used to construct the composite polarity block model (i.e., using the minimum number of correlated blocks), this mismatch meant that many of the smaller blocks from the new profile were omitted from the composite polarity model. To assist in correlating blocks in this difficult area, we also constructed and correlated polarity block models using upward continued profiles at À3.0 and 0.0 km. The middle depth model (À3.0 km) compared best with the model of Sager et al. [1998] (Figure 7 ) because its resolution was similar to the shallower deep-tow magnetic profiles collected during the earlier cruise. Although the TN152 deep-tow model implies as many as $40 reversals in 100 km, the final composite model retains only about one third as many. We think it likely that some of these shortwavelength anomalies are a result of geologic ''noise'' (e.g., crustal tectonic emplacement processes, short-period external field fluctuations, or data collection artifacts).
[29] To consider the contribution of geologic noise, we calculated power spectra [Spector and Grant, 1970; Nwogbo, 1998 ] for two segments of TN152 lines 4-1 and 3-9, one corresponding to the LAZ and the other from the vicinity of H801 (Figure 9 ). We expected to see differences in the spectra because of the apparent difference in dominant anomaly wavelengths (Figure 10) . A plot of power spectral density shows two approximately linear sections with a break in slope at 0.9 cycle/km for the H801 section and 0.7 cycle/km for the LAZ section. The almost-flat, high-wave number (short-wavelength) section in each spectra is usually interpreted as a noise component [e.g., Parker, 1997] . This observation suggests that there is no coherent geologic information at wave numbers >0.7 -0.9 cycle/km. Consequently, polarity blocks smaller than 1.2 km (corresponding to wave number 0.8) were dropped from the polarity model.
Polarity Reversal Models
[30] We constructed two Jurassic GPTS models (Tables 1 -2, Figure 11 ) following the rationale of Sager et al. [1998] by producing one at deep-tow depth (À5.5 km) and one at midwater depth (À3 km). In assigning chron numbers to our polarity block model, we numbered anomalies using the upward-continued, sea level data to be compatible with previous GPTS studies that used sea level data (Figures 7  and 11 ) [Handschumacher et al., 1988; Cande and Kent, 1992a; Sager et al., 1998 ]. The model derived from the À5.5 km depth data assumes that most of the small anomalies (>1.2 km in width) in the deep-tow profiles result from polarity reversals. This gives a large number of polarity chrons and is likely an overestimate of the actual number of reversal periods. The GPTS model constructed from midwater depth profiles may underestimate the number of polarity reversals, but because it is approximately 3 km above the source layer, it is comparable to other GPTS models constructed from magnetic profiles over younger oceanic lithosphere. We did not apply a 30 ka cutoff for cryptochrons, as did Cande and Kent [1992a] , because this duration is somewhat arbitrary.
[31] Although both deep-tow and midwater GPTS models (Tables 1 and 2 ) include polarity durations shorter than 30 ka, these short duration chrons only represent 12.5% and 3% of the total number of polarity blocks, respectively. The deeptow model of the LAZ and H801 areas shows somewhat shorter polarity periods than the midwater model, with [1998] and Lines 4-1 and 3-9 from the subsequent survey. The abbreviation ''smt'' denotes an anomaly caused by a small seamount. Hole 801C location is shown by star symbol. durations between 14 to 233 ka (average 99 ka). In these areas, approximately 15% of the modeled polarity chrons have <30 ka duration.
[32] In some places, the modeled polarity bias seems to shift between deep-tow and midwater model, particularly around Hole 801C. While the deep-tow model of this area seems to show mostly normal polarity, the upward continued model seems predominantly reverse polarity (Figure 11 ). This difference is primarily an artifact of the survey sampling and the modeling procedure. Around Site 801, we have many closely spaced magnetic profiles, so the composite polarity model is robust and retains many reversals. Furthermore, between the deep-tow and midwater levels, the modeling shifts from matching the smallest to longer wavelength anomalies. At deep-tow level, the short wavelength anomalies are prominent, but with upward continuation, they disappear or merge into longer wavelength anomalies. Because of the combination of long and short wavelength anomalies on the JQZ magnetic profiles, the result of modeling one versus the other does not always give the same polarity sequence. We believe that this is likely to be a problem in other areas where the magnetic signal contains geologic noise and is not unique to the Pigafetta Basin.
[33] The deep-tow GPTS model (Table 1 ) also contains artifacts arising from the way in which the correlation model was constructed. The LAZ, which we interpret as having the highest-frequency but lowest-amplitude magnetic anomalies, corresponds to a lesser number of polarity blocks (M38-41) than some other places in the GPTS model, for example, the section over Hole 801C (Figure 11 ). This apparent discrepancy results from the fact that anomaly correlations were poor in the LAZ, so the polarity model in that zone is mostly based on the older, lower-resolution deep-tow magnetic data and the number of polarity blocks is suppressed by our minimalist correlation procedure. The Figure 11 . Geomagnetic polarity timescales for the Pacific JQZ derived in this study (left) and prior studies. Left column shows polarity models constructed in this study. That on the left was modeled from deep-tow data, whereas that on the right was modeled from midwater depth profiles. Middle and right columns show polarity models from prior studies. In all columns, black denotes normal polarity and white is reversed polarity. Polarity chrons are listed in Tables 1 and 2. B07110 TOMINAGA ET AL.: JURASSIC QUIET ZONE MAGNETIC ANOMALIES result is a lesser number of blocks in the composite polarity model. In contrast, the numerous profiles in the H801 survey allowed many short-wavelength anomalies to be correlated in that area.
Discussion
[34] In this study, we correlated and modeled deep-tow magnetic anomaly profiles in the Pacific JQZ using new data to complement previous deep-tow profiles collected in this area [Sager et al., 1998 ]. These new data augment the previous study in several ways. Closely spaced lines allow for a detailed correlation of short-wavelength anomalies in two areas: one around M34 and the other at ODP Hole 801C. The new data also provide additional information in areas of uncertain anomaly correlations (NORTH) as well as extending the JQZ deep-tow survey across Hole 801C to the RSB [Handschumacher et al., 1988] 
Anomaly Correlation
[35] Closely spaced deep-tow magnetic profiles in the M34 and H801 surveys show good to excellent correlation (i.e., similarity in terms of shape, position, and size) of both short-and long-wavelength anomalies. Although not quite as robust, partly owing to having only two profiles, correlation of anomalies in the SOUTH survey is also good as is the correlation of anomalies in the northern part of the Pigafetta JQZ, from M36 northwestward to M27 [Handschumacher et al., 1988; Sager et al., 1998 ]. For these age sequences, the correlation of anomalies on adjacent lines strongly suggests that the anomalies are linear, especially given the linearity of the anomalies in the two small surveys with closely spaced lines (M34 and H801). Thus, on the whole, the JQZ anomalies appear similar to other linear magnetic anomalies around the world that are attributed to magnetic reversals recorded by the process of seafloor spreading and crustal construction at midocean ridges.
[36] In contrast, anomaly correlations are poor in the $300-km long LAZ. This section has the smallest amplitude anomalies measured and as previously noted is a zone of difficult correlation [Handschumacher et al., 1988; Sager et al., 1998 ]. Although the closely spaced tracks around Hole 801C illustrate that small anomalies can be successfully correlated, similar anomalies in the LAZ are difficult to match with the same certainty. One characteristic that makes anomalies in this zone difficult to correlate is the mismatch of large, long wavelength anomalies. Although the two older deep-tow profiles have similar long-wavelength anomalies (indeed, Sager et al. [1998] used these anomalies as a guide for correlating the smaller anomalies) the new deep-tow profile in between has a different long wavelength appearance. The source of the long-wavelength anomalies is uncertain. Given the observed mismatch, they do not appear linear in the LAZ. A possible cause is magnetic overprinting by the Mid-Cretaceous volcanism that usually appears as sills intruded into the sediments. In this area, this volcanism appears patchy [Abrams et al., 1993] as do the larger magnetic anomalies. Furthermore, the smallamplitude, short-wavelength character of the LAZ anomalies implies that they may have other causes. For example, the magnetic field may have had rapid reversals or fluctuations that were too frequent to make strongly linear anomalies or the magnetic recording was degraded because of ridge jumps, propagating rifts or later volcanic activity. Currently, we do not have sufficient data to determine whether these anomaly characteristics in the LAZ result from geomagnetic field or volcanic artifacts. [37] We constructed a magnetization model of the deeptow anomaly profiles to help understand the nature of the anomalies. The assumption of alternating blocks of opposite polarity is convenient for modeling, although we do not know which of these small anomalies results from a magnetic field reversal and which is simply a field intensity or directional fluctuation. Thus, taking the next step of assigning ages and representing the sequence as a GPTS, has inherent risks. Correlations of some anomalies is poor and even those with apparently good correlations in our geographically restricted data set do not demonstrate that the observed pattern has global repeatability and significance. Nevertheless, we present a GPTS model here for two reasons. It is a natural extension of previous work that allows the reader to better understand the implications of this study relative to those preceding it. More importantly, progress in developing a Jurassic GPTS requires it. The current mid-Jurassic to Early Cretaceous GPTS is based on Handshumacher et al. [1988] and Sager et al. [1998] . Although the GPTS from this study contains uncertainties because of the small number of profiles, the limited extent, and the LAZ correlation difficulties, it is a template for magnetostratigraphic work and studies of JQZ anomalies elsewhere. Thus, in this study, we are obliged to consider the implications of the GPTS.
Polarity Reversal Models
[38] In building reversal models of the deep tow magnetic lines, we made the traditional assumption that all significant anomalies result from magnetic reversals recorded by the seafloor spreading process [Vine and Matthews, 1963] . Although this assumption has been highly successful in creating GPTS models, several studies suggest that small anomalies may not always represent polarity reversals [e.g., Cande and Kent, 1992b; Bowles et al., 2003 ]. An alternative to interpreting all anomalies as reversals is to consider that some of them could be due to fluctuations of paleofield intensity and magnetic field excursions (i.e., incomplete reversals). Statistically, reversals, excursions, and paleointensity fluctuations probably result from the same set of geomagnetic instabilities, implying that they would appear similar in magnetic profile data [Marzocchi, 1997] . The nonuniqueness of potential field modeling does not allow us to determine which small anomalies represent true polarity reversals and which are simply magnetic field fluctuations. For their widely accepted GPTS model, Kent [1992a, 1992b] rejected polarity chrons with durations shorter than 30 ka as likely to result from paleointensity fluctuations. Similarly, Sager et al. [1998] constructed a Jurassic GPTS with a reversal for every magnetic anomaly but preferred a model filtered by upward continuation to midwater depth because it retained reversals only for the longer-wavelength anomalies.
[39] To distinguish between reversals and field fluctuations, several investigator groups have compared sedimentary magnetostratigraphy with ''cryptochrons'' (i.e., small anomalies of uncertain cause in magnetic profiles). Lanci and Lowrie [1997] suggested that cryptochrons within C12 and C13 in the timescale of Cande and Kent [1995] are paleointensity fluctuations rather than magnetic reversals because of a lack of corresponding polarity reversals in contemporaneous sediment cores. Similar conclusions were reached for small anomalies within chron C5 on the basis of a strong correlation between deep-tow magnetic profiles and sedimentary relative paleointensity records [Bowers et al., 2001; Bowles et al., 2003] . In contrast, Roberts and LewinHarris [2000] concluded that small anomalies in chron C5 result from polarity reversals, suggesting that even when high-resolution sedimentary data are available, the interpretation of such data may not be straightforward. Furthermore, some investigators have concluded that the resolution of sedimentary paleomagnetic records depends significantly on sedimentation rate and small anomalies can be averaged out if the sedimentation rate is not high enough [Roberts and Winklhofer, 2004] . Thus, the fidelity of sedimentary records may be verified only when the records show consistency at several sites around the world.
[40] With our data set, consisting of magnetic profiles only, it is not possible to make a definitive interpretation of the source of small magnetic anomalies observed in the Pacific JQZ. Consequently, we simply constructed a Jurassic GPTS assuming that those anomalies larger than $1.2 km wavelength (the smaller being noise) observed with the deeptow magnetometer are caused by blocks of contrasting polarity.
[41] As did Sager et al. [1998] for their model of the JQZ polarity reversal sequence, we prefer the model made from magnetic anomalies upward continued to midwater level because the upward continuation filters out many of the shortest-wavelength features and gives results comparable to sea surface magnetic data near the present-day mid-ocean ridges. The deep-tow magnetic profiles show many shortwavelength features, some of which may result from phenomena other than magnetic reversals.
[42] Several factors indicate that the GPTS must be treated with caution. Correlations are uncertain in some portions, especially the LAZ. It is impossible to determine, from magnetic profiles alone, whether small anomalies are caused by reversals. Furthermore, models made at different levels show differences related to the changing appearance of the anomalies when upward continued.
Correlation of Models and Hole 801C Log Data
[43] Despite ambiguities about the interpretations of reversals in our GPTS models, two independent types of data, magnetic data from Hole 801C and Jurassic magnetic stratigraphy studies from continental sedimentary sections, support the existence of many short polarity periods, implying a rapid reversal frequency. Paleomagnetic and downhole logging data are available from the 474-m basalt section cored at Hole 801C. Both data sets imply six reversals in the section [Wallick and Steiner, 1982; Steiner, 2001; Tivey et al., 2005] . Four polarity changes are found within the upper, 150-m, off axis lava sequence while two polarity changes are found within the lower lava sequence, which was presumably accreted at or near the spreading axis. Formation microscanner (FMS) log data show significant dips in the lava sequences within the hole [Pockalny and Larson, 2003] . If the tilted lava sequence boundaries indicate that magnetization boundaries are similarly tilted, then changes in magnetic polarity can occur within a vertical hole [Tivey et al., 2005] . The multiple polarities of the upper off-axis lava sequence also implies rapid polarity reversal rate $7 Ma after the main crustal accretion occurred (167.4 Ma), which is consistent with the rapidly reversing field at M34 age (160 Ma). These observations along with the lineated character of magnetic anomalies around Hole 801C suggest that seafloor spreading has recorded rapid polarity reversals during this time period and the small anomalies are not just the signal of geomagnetic field intensity fluctuations.
[44] The finding of multiple polarity sections within the Hole 801C section is suggestive of a high reversal rate; however, the actual rate is difficult to estimate because of uncertainties about crustal architecture and accretion rates. Within M42 on our GPTS model (Figure 11 ), corresponding to the H801 survey area, the À5.5 km model implies a reversal rate of $26 rev/Ma (1 rev/38 ka). Alternatively, the À3.0 km model (Figure 11 ), which leaves out the smallest anomalies, gives only $8 rev/Ma (1 rev/125 ka).
[45] The highest reversal rates for the accepted GPTS occurred during the Miocene, $10 Ma, with a rate of $5 rev/Ma. This is not greatly different from the lowest rates implied by the deep-tow magnetic profile models and implies that the lower of inferred JQZ rates are not extreme. Furthermore, similar rates ($6 -8 rev/Ma) have been also interpreted from Jurassic continental magnetostratigraphic studies [Steiner et al., 1987; Steiner, 2001; J. Ogg, personal communication, 2004] . Our deep-tow GPTS model is therefore consistent with largely independent observations that imply many short polarity reversals during the Jurassic.
Cause of the JQZ
[46] Pacific JQZ deep-tow magnetic data provide a highresolution recording of apparently unusual geomagnetic field behavior during the Jurassic. Although magnetic anomalies are nonunique and by themselves do not provide an unequivocal explanation for the JQZ, the data from this study give important clues about the factors involved. Generally, our inferences follow from systematic variations in the JQZ anomaly sequence and comparisons with independent data.
[47] Systematic changes in anomaly amplitudes are observed along the deep-tow lines. Anomaly amplitude decreases with increasing age (i.e., toward the southeast) continuing the trend that has been noted by other authors [e.g., Cande et al., 1978; Sager et al., 1998; McElhinny and Larson, 2003; Tivey et al., 2006] , reaching a minimum amplitude and shortest wavelength in the LAZ (Figure 10 ), tentatively identified as being between M38 and M41. At older ages (i.e., farther southeast), anomaly amplitudes increase slightly south of Hole 801C. This trend is also seen in the modeled magnetization values (section 2.3), which decrease from M34 (3.9 Am À1 ) to NORTH (2.0 Am À1 ) and increase from H801C (1.7 Am À1 ) to SOUTH (2.3 Am
À1
). Although we used a constant thickness for the magnetic source layer for modeling, an alternative is to consider these systematic changes as a result of changes in source layer thickness, rather than variations in the geomagnetic field. We think this explanation is unlikely because of the large implied changes in source layer thickness. For example, to reproduce the anomaly amplitudes observed in the M34 and H801C areas with same magnetization value (e.g., 2.0 Am À1 ), the source layer thickness of M34 and H801C must be different by a factor >3 (0.7 and 3.0 km, for M34 and H801C, respectively). This much variation within fast spreading mid-ocean ridge crust with a flat seafloor topography is unlikely. Instead, following similar interpretations of the global magnetic anomaly sequence [e.g., McElhinny and Larson, 2003] , changes in JQZ anomaly amplitude imply changes in paleomagnetic field strength, perhaps related to reversal rate. The field intensity seems to have decreased until reaching a minimum during the LAZ, where the fluctuation rate appears highest, and then increased through the late Jurassic as reversal rate declined [Tivey et al., 2006] .
[48] Changes in anomaly amplitude on the deep-tow profiles, particularly around the LAZ, may give clues about the origin of the JQZ. We consider several hypotheses that may partly or completely explain the observed changes: (1) long-term decrease in crustal magnetization as a result of either alteration or decreased dipole field intensity, (2) low transitional field intensities combined with rapid reversals, (3) interference of the magnetic anomalies caused by closely spaced polarity blocks in the oceanic crust, and (4) a tectonic disruption in the LAZ perhaps caused by spreading ridge reorientation and/or propagation.
[49] A decrease of crustal magnetizationgoing backward in time has been documented for the past 30 Ma and attributed to progressive alteration [Johnson and Pariso, 1993] . This explanation does not seem likely for the JQZ because existing evidence implies that changes in magnetization beyond $30 Ma due to alteration are small [Johnson and Pariso, 1993] . More likely is that the overall decrease in anomaly amplitude [e.g., McElhinny and Larson, 2003 ] is a global phenomenon related to a decrease of geomagnetic field strength. Independent, paleomagnetic data imply that the Jurassic was a time of low dipole field strength (so-called ''Mesozoic dipole low'') [e.g., Prévot et al., 1990; McElhinny and McFadden, 2000; Thomas and Biggin, 2003; Biggin and Thomas, 2003 ].
[50] One possible explanation for the LAZ is that the geomagnetic field was weaker than normal during the LAZ because of rapid reversals and overlapping transitional field minima. It is well-known that the dipole field is reduced during geomagnetic field reversals, perhaps only to $25% of the nonreversing dipole field strength [Merrill and McFadden, 1999] . Furthermore, it is thought that periods of weaker field intensity are characterized by greater numbers of reversals and excursions [Valét et al., 2005] . Thus, we might expect that a period containing many, closely spaced reversals may also be a time of reduced field strength, perhaps because periods of transition field minima overlap (i.e., the field does not regain full strength before starting another reversal). At face value, our deep-tow GPTS for the LAZ implies only a reversal rate of $10 rev/Ma. This is not much higher than inferred Miocene reversal rates and implies an average time between reversals of $100 ka. If transitional field minima have durations of less than $10 ka [Merrill and McFadden, 1999] , the overlap from polarity periods of the implied duration would be minimal. However, if field minima are broader (e.g., 60-80 ka) [Valét et al., 2005] or the reversal rate is substantially higher, overlapping field minima may be part of the reason for the apparent low LAZ anomaly amplitudes. Reversal rates in the LAZ may be significantly higher than implied by our GPTS because this model contains only the better-correlated ano-malies in a zone of poor correlation. If all anomalies are interpreted as a result of polarity reversals, the model for deep-tow lines 3-9, 4-1 implies a reversal rate of $12 rev/Ma (Figure 10) , with an average period of $82 ka between transitions.
[51] Another potential factor causing the LAZ is overlapping and partially canceling magnetic anomalies caused by closely spaced blocks of opposing polarity. To judge the plausibility of this hypothesis, we calculated simple 2-D forward models [Talwani and Heirtzler, 1964 ] of crustal anomalies and tested the reduction of anomaly amplitude with different spacing of opposing polarity blocks. For simplicity, we assumed a 1 km thickness for the source layer, a distance of 500 m between the top of the source and the observation plane (similar to the TN152 deep-tow magnetometer geometry), and sharp boundaries between polarity blocks (i.e., transition width of zero). Models were made at different reversal rates, which varied the width of the polarity blocks. We also made two different models of the polarity boundaries, one with vertical boundaries and another with boundaries tilting 53°from vertical (the tilt angle inferred for Hole 801C layers by Pockalny and Larson [2003] ). Overall, the intensity of anomalies from the tilted-boundary model is less than those of the nontilted model (Figure 12) , presumably because the tilted blocks produce greater overlap of opposing polarity material. A similar result would be given with finite-width polarity transitions. Most importantly, the models show a precipitous drop in anomaly amplitudes when the polarity boundaries are less than $4 km apart and this result is approximately the same for both tilted and non-tilted polarity block boundaries. This finding implies that even at deep-tow depths, there can be a significant reduction in anomaly amplitude caused by small-width polarity blocks. In some portions of the LAZ, small anomalies imply polarity blocks 4 km or less in width. Thus, the partial cancellation of overlapping anomalies may be a factor reducing LAZ anomaly amplitudes.
[52] The poor correlation of LAZ anomalies may also result wholly or in part from tectonic and/or crustal accre- tion complications. If there were tectonic complexities, such as ridge jumps, propagating ridges, or microplate rotations, we could expect disturbed, difficult-to-correlate anomalies to be the result. One complication could be the superposition of lavas of differing ages owing to off-axis eruptions. Cores from Hole 801C show both an off-axis lava eruption and a late-stage akalic eruptions [Koppers et al., 2003a [Koppers et al., , 2003b Tivey et al., 2005] . Neither of these later eruptions appears to have significantly degraded the correlation of magnetic anomalies around Hole 801, even though they represent a hiatus in crustal accretion that is much longer than the apparent reversal period. This suggests that the Hole 801C primary magnetic layer is not significantly affected by the later eruptions. However, at another site, such as the LAZ, later igneous activity may have confounded the crustal anomaly signal. Another possible complication is tectonic reorganization, such as ridge realignment, ridge jumps, propagating rifts, or microplate formation. Owing to the paucity of well-defined magnetic lineations regionally, the history of Jurassic seafloor spreading in the Pacific is poorly known. Because the JQZ magnetic anomalies are only well-defined in the deep-tow data, we cannot be certain of the tectonic setting and history of surrounding areas and thus the contribution of tectonics to the observed magnetic record is unclear and difficult to evaluate. Ultimately, to be accepted as representative of global magnetic field phenomena, the results from the LAZ in particular, and Pacific JQZ in general, must be corroborated with independent data from the two other lineation sets in the Pacific and other regions in the world oceans.
Conclusions
[53] In this study, we present $1550 km of new deep-tow magnetic profiles from the Pacific JQZ and two revised Jurassic GPTS models that complement and extend a previous study [Sager et al., 1998 ]. Many of the surveyed anomalies appear to correlate well and are considered to be true magnetic lineations recorded by the seafloor spreading process. This conclusion is bolstered by deep-tow magnetic anomalies resolved in two small survey areas with multiple overlapping lines that show excellent correlation and linearity and a similarity to Hole 801C downhole results. In contrast, the origin of difficult-to-correlate, high-frequency anomalies in the middle of the study area (i.e., LAZ area) is less certain.
[54] We constructed a polarity block model in which all of the correlated deep-tow magnetic anomalies are assumed to result from geomagnetic polarity reversals and the result is a JQZ GPTS model extending from anomaly M30 to M45 ($157.8 to 169.7 Ma). We also derived a GPTS model for profiles upward continued to midwater levels. This GPTS shows fewer polarity periods but is more comparable to Cenozoic and late Cretaceous GPTS derived from magnetic data with a similar source-sensor separation. The deep-tow GPTS is likely an overestimation of the true number of polarity reversals because it probably includes anomalies caused by geomagnetic field fluctuations that were incorrectly interpreted as reversals. Furthermore, the LAZ portion of the GPTS model (M37-M41) is uncertain because of poor correlation in that region. Nevertheless, the GPTS provides a template for future JQZ polarity reversal studies.
[55] Although the average implied reversal rate for the deep-tow GPTS is $12 rev/Ma, the model around Hole 801C implies rates twice that high, if all anomalies are interpreted as reversals. Such values are similar to rates implied by studies from drilling data from Hole 801C, bolstering the argument that many of the deep-tow magnetic anomalies in the vicinity of Hole 801C result from geomagnetic polarity reversals. This conclusion is also consistent with findings of rapid polarity reversals from continental magnetostratigraphy studies for the Jurassic.
[56] Changes in deep-tow profile anomaly amplitudes give clues about the origin of the JQZ. Anomaly amplitudes decrease with age into the LAZ and then increase slightly, suggesting that the LAZ was a period of abnormal, low field intensity. The decrease of anomaly amplitudes is consistent with independent results indicating that the Jurassic was a time of weak geomagnetic field strength (the Mesozoic dipole low) and implies a global geomagnetic field contribution to low anomaly amplitudes within the JQZ. We examined several additional hypotheses to explain the LAZ and favor a combination of reduced field intensity, perhaps caused or augmented by overlapping transitional field minima, along with interference and partial anomaly cancellation owing to closely spaced, narrow polarity blocks. Tectonic complications are also a possible contributor for the poor correlation of LAZ anomalies, but this contribution cannot be evaluated without better knowledge of local Pacific Jurassic tectonics.
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